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We compared the performance of a recently established real-time loop-mediated amplification (LAMP) 
assay with the one from a highly sensitive quantitative PCR assay. None of these assays produced false-positive 
results in this study. For samples isolated from patients within the first 3 days of disease onset, the detection 
rate of the quantitative PCR assay was higher (14 of 15 were positive) than the LAMP assay (9 of 15 were 
positive). By contrast, the detection rates of these assays toward specimens sampled from patients with more 
than 3 days of illness were similar (32 of 44 for PCR and 33 of 44 for LAMP were positive). The simpler 
operation of LAMP might be a possible solution for on-site diagnosis. 


A novel human coronavirus (CoV) was identified as the 
etiological agent for severe acute respiratory syndrome 
(SARS) (7, 11, 18). The outbreak emerged in late 2002 and was 
brought under control through a concerted global effort, and 
by 5 July 2003, no further human—human transmission was 
taking place and the global outbreak was declared over (26). 
Although there is no evidence for the virus persisting in the 
human population (12), the identification of its precursor in 
animals (8) and the laboratory infection cases (16) have high- 
lighted the possibility of the reemergence of SARS. Epidemi- 
ological studies have indicated that an early identification of 
human SARS cases is the key measure to prevent the spread- 
ing of the disease (5). Based on serological and molecular 
approaches, several laboratory diagnostic methods were devel- 
oped for SARS diagnosis (1, 17, 21). Serological assays and 
enzyme immunoassays, such as detection of SARS CoV-spe- 
cific antibodies (2) or viral antigens (3), were established. For 
the molecular approach, PCR-based methods are the major 
molecular assays for SARS CoV detection (21). Of these PCR- 
based assays, the quantitative reverse transcriptase PCR (RT- 
PCR) approach was shown to be the most sensitive method for 
early SARS detection (6, 19, 20, 24). Recently, non-PCR-based 
loop-mediated amplification (LAMP) tests were developed for 
SARS CoV detection (9, 22). This method depends on auto- 
cycling strand displacement DNA synthesis performed by a Bst 
DNA polymerase and is simple to use (15). The isothermal 
reaction relies on recognition of the target by six independent 
sequences, thereby making this kind of assay highly specific 
(15). In particular, a real-time LAMP assay for SARS CoV was 
shown to be 100-fold more sensitive than conventional RT- 
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PCR assays (9). However, a direct comparison between the 
real-time LAMP assay and highly sensitive quantitative RT- 
PCR assay was not reported. Here, we have compared the 
performances of the real-time LAMP assay and a highly sen- 
sitive real-time quantitative RT-PCR assay by using retrospec- 
tive clinical specimens. 

In this study, 59 retrospective nasopharyngeal aspirates 
(NPA) from SARS patients were recruited in this study. All of 
these patients were confirmed to be SARS patients by sero- 
logical or PCR tests as described before (16). NPA from pa- 
tients with unrelated respiratory diseases (adenovirus, n = 5; 
respiratory syncytial virus, n = 5; influenza A virus, n = 5; 
influenza B virus, n = 5; human coronavirus OC43, n = 5; 
human coronavirus 229E, n = 1; human coronavirus NL63, n 
= 1) or healthy individuals (n = 10) were recruited as controls. 
The study was approved by the Clinical Research Ethics Com- 
mittee. RNA from 560 pl of NPA was extracted and eluted in 
30 wl of elution buffer as described previously (20). Two mi- 
croliters of extracted RNA was subjected to testing by the 
one-step quantitative RT-PCR (23) and by a Loopamp SARS 
CoV detection kit (Eiken Chemical, Japan), which was modi- 
fied from the real-time LAMP assays as described previously 
(9). The RT-PCR was previously shown to be more sensitive 
than the conventional RT-PCR assay (20, 23). The perfor- 
mances of these assays and the authenticity of reaction prod- 
ucts from these assays were demonstrated in the previous work 
as mentioned previously (9, 23). Details of the amplification 
mechanism are described elsewhere (15). 

Of 59 SARS samples, 46 (78%) and 42 (71%) samples were 
positive in the RT-PCR and LAMP assays, respectively (Table 
1). The detection rates of these assays were not statistically 
different from each other (McNemar’s test, P = 0.29), indicat- 
ing that these assays have similar performances for SARS CoV 
detection. None of the controls (n = 37) was positive in these 
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TABLE 1. Detection of SARS CoV by quantitative PCR and real- 
time LAMP assays 


Siac RT-LAMP 
gene Total 
* Positive Negative 
Positive 40 6" 46 
Negative 2 11 13 
Total 42 17 59 


* Three of these samples were positive in a repeated LAMP test. 


assays. In addition, the SARS samples were divided into dif- 
ferent stages of illness for further analysis. For those samples 
collected after day 3 of disease onset, the detection rates of 
these assays were similar (Table 2). For samples collected from 
the first 3 days of disease onset, 14 out of 15 samples were 
positive in the RT-PCR assay. By contrast, the LAMP assay 
could detect the SARS-CoV viral sequence in nine of these 
samples. These results suggested that the RT-PCR test might 
be more sensitive than the real-time LAMP test. However, the 
differences of the detection rates between these tests on the 
early SARS samples was not, but close to, statistically signifi- 
cant (McNemar’s test, P = 0.06). For those samples that were 
positive in the RT-PCR, but negative in the real-time LAMP 
(Table 1; n = 6), we retested these samples in the LAMP test 
again. Three out of six of these samples were positive in the 
subsequent test. Of the samples that were negative in both 
real-time LAMP tests, the viral RNA copy numbers in the 
extracted RNA samples were found to be 3.2, 8.0, and 9.4 
copies per pl. Due to an insufficient amount of RNA samples, 
we could not retest those two samples that were positive for the 
LAMP but negative for the RT-PCR assays. 

Quantitative data generated from quantitative RT-PCR as- 
says were previously reported to be useful for prognosis (4, 10, 
14). Of 33 samples which were positive on both assays, the 
threshold cycle (CT) values from the RT-PCR assay correlated 
with the threshold time (TT) from the real-time LAMP assay 
(Fig. 1; Pearson correlation = 0.76, P < 0.001). Samples with 
low viral RNA copies (i.e., with high CT or TT values) trended 
to deviate from the regression line. This variation might be 
partly due to sampling errors arising from the stochastic dis- 
tribution of low-copy-number template molecules (25). None- 
theless, the positive correlation between these assays indicated 
the quantitative data generated from real-time LAMP might 
be used for prognosis purposes. 

In our analysis, we compared the performance of the real- 
time LAMP and RT-PCR assays. Both assays have 100% spec- 


TABLE 2. Performance of quantitative RT-PCR and real-time 
LAMP assays for SARS diagnosis 


No. of samples detected (%) by: 


Day of No. of 

onset samples Quantitative RT- 
RT-PCR LAMP 

1-3 15 14 (93) 9 (60) 

4-7 37 25 (68) 26 (70) 

>7 7 7 (100) 7 (100) 

Total 59 46 (78) 42 (71) 
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FIG. 1. Correlation between threshold cycle values of the RT-PCR 
assay and threshold time values of the real-time LAMP assay. 


ificity. The sensitivities of the RT-PCR and real-time LAMP 
tests are 78% and 71%, respectively. Both assays have a pos- 
itive prediction value of 1. The negative prediction values of 
the RT-PCR and real-time LAMP assays are 0.74 and 0.68, 
respectively. We demonstrated that the performance of these 
assays were comparable. For those early SARS samples iso- 
lated from the first 3 days of disease onset, the detection rate 
of the RT-PCR assay was slightly better than the LAMP assay. 
Thus, optimized RT-PCR assays would still be the method of 
choice for early SARS diagnosis. By contrast, for those samples 
isolated at a later stage of illness, both assays could be used for 
the detection of SARS CoV. But for situations such as a sus- 
pected SARS outbreak in a remote village, running quantita- 
tive PCR in field or bedside situations might not be feasible 
(22). Considering the simplicity of the LAMP approach (13), 
the real-time LAMP assay might be an attractive alternative 
for SARS diagnosis in the above scenarios. Regardless of the 
method used, testing in a suitably accredited laboratory is 
important for the confirmation of SARS cases, especially dur- 
ing an outbreak, when quality-assured diagnoses are essential 
(27). 


We acknowledge research funding from Public Health Research 
Grant A195357 from the National Institute of Allergy and Infectious 
Diseases, United States, The Research Grant Council of Hong Kong 
(HKU 7356/03 M to LLMP), and European Research Project SARS- 
DTV (contract no. SP22-CT-2004). 

The Loopamp SARS CoV detection kit was contributed from Eiken 
Chemical, Japan. All the work was performed at the University of 
Hong Kong. Researchers from Eiken had no influence in the writing of 
the report. 


REFERENCES 


1. Bermingham, A., P. Heinen, M. Iturriza-Gomara, J. Gray, H. Appleton, and 
M. C. Zambon. 2004. Laboratory diagnosis of SARS. Philos. Trans. R. Soc. 
Lond. B 359:1083-1089. 

2. Chan, K. H., L. L. Poon, V. C. Cheng, Y. Guan, I. F. Hung, J. Kong, L. Y. 
Yam, W. H. Seto, K. Y. Yuen, and J. S. Peiris. 2004. Detection of SARS 
coronavirus in patients with suspected SARS. Emerg. Infect. Dis. 10:294— 
299. 

3. Che, X. Y., L. W. Qiu, Y. X. Pan, K. Wen, W. Hao, L. Y. Zhang, Y. D. Wang, 
Z. Y. Liao, X. Hua, V. C. Cheng, and K. Y. Yuen. 2004. Sensitive and specific 


ysanb Aq 9102 ‘Lz eunr uo /Bio'wse'wol//:dyjy Wwol papeojumMOGg 


VoL. 43, 2005 


10. 


1, 


12. 


13. 


monoclonal antibody-based capture enzyme immunoassay for detection of 
nucleocapsid antigen in sera from patients with severe acute respiratory 
syndrome. J. Clin. Microbiol. 42:2629-2635. 


. Chu, C. M., L. L. Poon, V. C. Cheng, K. S. Chan, I. F. Hung, M. M. Wong, 


K. H. Chan, W. S. Leung, B. S. Tang, V. L. Chan, W. L. Ng, T. C. Sim, P. W. 
Ng, K. I. Law, D. M. Tse, J. S. Peiris, and K. Y. Yuen. 2004. Initial viral load 
and the outcomes of SARS. CMAJ 171:1349-1352. 


. Donnelly, C. A., A. C. Ghani, G. M. Leung, A. J. Hedley, C. Fraser, S. Riley, 


L. J. Abu-Raddad, L. M. Ho, T. Q. Thach, P. Chau, K. P. Chan, T. H. Lam, 
L. Y. Tse, T. Tsang, S. H. Liu, J. H. Kong, E. M. Lau, N. M. Ferguson, and 
R. M. Anderson. 2003. Epidemiological determinants of spread of causal 
agent of severe acute respiratory syndrome in Hong Kong. Lancet 361:1761- 
1766. 


. Drosten, C., L. L. Chiu, M. Panning, H. N. Leong, W. Preiser, J. S. Tam, S. 


Gunther, S. Kramme, P. Emmerich, W. L. Ng, H. Schmitz, and E. S. Koay. 
2004. Evaluation of advanced reverse transcription-PCR assays and an al- 
ternative PCR target region for detection of severe acute respiratory syn- 
drome-associated coronavirus. J. Clin. Microbiol. 42:2043-2047. 


. Drosten, C., S. Gunther, W. Preiser, S. van der Werf, H. R. Brodt, S. Becker, 


H. Rabenau, M. Panning, L. Kolesnikova, R. A. Fouchier, A. Berger, A. M. 
Burguiere, J. Cinatl, M. Eickmann, N. Escriou, K. Grywna, S. Kramme, J. C. 
Manuguerra, S. Muller, V. Rickerts, M. Sturmer, S. Vieth, H. D. Klenk, A. D. 
Osterhaus, H. Schmitz, and H. W. Doerr. 2003. Identification of a novel 
coronavirus in patients with severe acute respiratory syndrome. N. Engl. 
J. Med. 348:1967-1976. 


. Guan, Y., B. J. Zheng, Y. Q. He, X. L. Liu, Z. X. Zhuang, C. L. Cheung, S. W. 


Luo, P. H. Li, L. J. Zhang, Y. J. Guan, K. M. Butt, K. L. Wong, K. W. Chan, 
W. Lim, K. F. Shortridge, K. Y. Yuen, J. S. Peiris, and L. L. Poon. 2003. 
Isolation and characterization of viruses related to the SARS coronavirus 
from animals in southern China. Science 302:276-278. 


. Hong, T. C., Q. L. Mai, D. V. Cuong, M. Parida, H. Minekawa, T. Notomi, 


F. Hasebe, and K. Morita. 2004. Development and evaluation of a novel 
loop-mediated isothermal amplification method for rapid detection of severe 
acute respiratory syndrome coronavirus. J. Clin. Microbiol. 42:1956-1961. 
Hung, I. F., V. C. Cheng, A. K. Wu, K. H. Chan, C. M. Chu, M. M. Wong, 
L. L. Poon, D. M. Tse, K. S. Chan, P. C. Woo, S. K. Lau, J. S. Peiris, and 
K. Y. Yuen. 2004. Viral loads in clinical specimens and SARS manifestations. 
Emerg. Infect. Dis. 10:1550-1557. 

Ksiazek, T. G., D. Erdman, C. S. Goldsmith, S. R. Zaki, T. Peret, S. Emery, 
S. Tong, C. Urbani, J. A. Comer, W. Lim, P. E. Rollin, S. F. Dowell, A. E. 
Ling, C. D. Humphrey, W. J. Shieh, J. Guarner, C. D. Paddock, P. Rota, B. 
Fields, J. DeRisi, J. Y. Yang, N. Cox, J. M. Hughes, J. W. LeDuc, W. J. 
Bellini, and L. J. Anderson. 2003. A novel coronavirus associated with severe 
acute respiratory syndrome. N. Engl. J. Med. 348:1953-1966. 

Leung, G. M., P. H. Chung, T. Tsang, W. Lim, S. K. Chan, P. Chau, C. A. 
Donnelly, A. C. Ghani, C. Fraser, S. Riley, N. M. Ferguson, R. M. Anderson, 
Y. L. Law, T. Mok, T. Ng, A. Fu, P. Y. Leung, J. S. Peiris, T. H. Lam, and A. J. 
Hedley. 2004. SARS-CoV antibody prevalence in all Hong Kong patient 
contacts. Emerg. Infect. Dis. 10:1653-1656. 

Mori, Y., M. Kitao, N. Tomita, and T. Notomi. 2004. Real-time turbidimetry 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


23; 


24, 


25: 


26. 


27, 


NOTES = 3459 


of LAMP reaction for quantifying template DNA. J. Biochem. Biophys. 
Methods 59:145-157. 

Ng, E. K., P. C. Ng, K. L. Hon, W. T. Cheng, E. C. Hung, K. C. Chan, R. W. 
Chiu, A. M. Li, L. L. Poon, D. S. Hui, J. S. Tam, T. F. Fok, and Y. M. Lo. 
2003. Serial analysis of the plasma concentration of SARS coronavirus RNA 
in pediatric patients with severe acute respiratory syndrome. Clin. Chem. 
49:2085-2088. 

Notomi, T., H. Okayama, H. Masubuchi, T. Yonekawa, K. Watanabe, N. 
Amino, and T. Hase. 2000. Loop-mediated isothermal amplification of DNA. 
Nucleic Acids Res. 28:E63. 

Orellana, C. 2004. Laboratory-acquired SARS raises worries on biosafety. 
Lancet Infect. Dis. 4:64. 

Peiris, J. S., C. M. Chu, V. C. Cheng, K. S. Chan, I. F. Hung, L. L. Poon, K. I. 
Law, B. S. Tang, T. Y. Hon, C. S. Chan, K. H. Chan, J. S. Ng, B. J. Zheng, 
W. L. Ng, R. W. Lai, Y. Guan, and K. Y. Yuen. 2003. Clinical progression and 
viral load in a community outbreak of coronavirus-associated SARS pneu- 
monia: a prospective study. Lancet 361:1767-1772. 

Peiris, J. S., S. T. Lai, L. L. Poon, Y. Guan, L. Y. Yam, W. Lim, J. Nicholls, 
W. K. Yee, W. W. Yan, M. T. Cheung, V. C. Cheng, K. H. Chan, D. N. Tsang, 
R. W. Yung, T. K. Ng, and K. Y. Yuen. 2003. Coronavirus as a possible cause 
of severe acute respiratory syndrome. Lancet 361:1319-1325. 

Poon, L. L., K. H. Chan, O. K. Wong, T. K. Cheung, I. Ng, B. Zheng, W. H. 
Seto, K. Y. Yuen, Y. Guan, and J. S. Peiris. 2004. Detection of SARS 
coronavirus in patients with severe acute respiratory syndrome by conven- 
tional and real-time quantitative reverse transcription-PCR assays. Clin. 
Chem. 50:67-72. 

Poon, L. L., K. H. Chan, O. K. Wong, W. C. Yam, K. Y. Yuen, Y. Guan, Y. M. 
Lo, and J. S. Peiris. 2003. Early diagnosis of SARS coronavirus infection by 
real time RT-PCR. J. Clin. Virol. 28:233-238. 

Poon, L. L., Y. Guan, J. M. Nicholls, K. Y. Yuen, and J. S. Peiris. 2004. The 
aetiology, origins, and diagnosis of severe acute respiratory syndrome. Lan- 
cet Infect. Dis. 4:663-671. 


. Poon, L. L., C. S. Leung, M. Tashiro, K. H. Chan, B. W. Wong, K. Y. Yuen, 


Y. Guan, and J. S. Peiris. 2004. Rapid detection of the severe acute respi- 
ratory syndrome (SARS) coronavirus by a loop-mediated isothermal ampli- 
fication assay. Clin. Chem. 50:1050-1052. 

Poon, L. L., B. W. Wong, K. H. Chan, C. S. Leung, K. Y. Yuen, Y. Guan, and 
J. S. Peiris. 2004. A one step quantitative RT-PCR for detection of SARS 
coronavirus with an internal control for PCR inhibitors. J. Clin. Virol. 30: 
214-217. 

Poon, L. L., O. K. Wong, K. H. Chan, W. Luk, K. Y. Yuen, J. S. Peiris, and 
Y. Guan. 2003. Rapid diagnosis of a coronavirus associated with severe acute 
respiratory syndrome (SARS). Clin. Chem. 49:953-955. 

Stenman, J., and A. Orpana. 2001. Accuracy in amplification. Nat. Biotech- 
nol. 19:1011-1012. 

World Health Organization. 18 November 2004, date accessed. SARS out- 
break contained worldwide. [Online.] http:/Avww.who.int/mediacentre/news 
/releases/2003/pr56/en/. 

Yu, A. C. 2004. The difficulties of testing for SARS. Science 303:469-471. 


ysanb Aq 9102 ‘Lz eunr uo /Bio"wsewol//:dyjy wold papeojumMog 


